Clearance of trypanosomes from the blood of infected Cape buffalo was associated with the development of two responses: (i) complement-dependent and clone-specific lytic activity and (ii) complement-independent trypanocidal activity that was not restricted by trypanosome clone or species. This latter activity was mediated by H 2 O 2 and required the presence of xanthine oxidase in serum but not the addition of purine substrates. Expression of the xanthine oxidase-dependent trypanocidal activity in Cape buffalo serum was coincident with, and required, a decline in its H 2 O 2 catabolic activity. The H 2 O 2 catabolic activity of Cape buffalo serum was due solely to catalase and declined by eightfold around the time that trypanosomes were cleared from the blood, accompanied by a fivefold drop in erythrocyte-associated catalase activity. The Cape buffalo did not develop subsequent parasitemic waves. Clearance of parasitemia in similarly infected cattle was also associated with development of trypanosome clone-specific lytic activity, but not with the acquisition of H 2 O 2 -dependent trypanocidal activity in serum, and the cattle supported recurring parasitemia. The lack of trypanocidal activity in pre-and postinfection cattle sera was due to their low content of xanthine oxidase and sustained catalase activity. These data strongly suggest that an infection-induced serum oxidative response, the efficacy of which is amplified by a decline in blood catalase, contributes to suppression of recurring parasitemia in Cape buffalo.
Clearance of trypanosomes from the blood of infected Cape buffalo was associated with the development of two responses: (i) complement-dependent and clone-specific lytic activity and (ii) complement-independent trypanocidal activity that was not restricted by trypanosome clone or species. This latter activity was mediated by H 2 O 2 and required the presence of xanthine oxidase in serum but not the addition of purine substrates. Expression of the xanthine oxidase-dependent trypanocidal activity in Cape buffalo serum was coincident with, and required, a decline in its H 2 O 2 catabolic activity. The H 2 O 2 catabolic activity of Cape buffalo serum was due solely to catalase and declined by eightfold around the time that trypanosomes were cleared from the blood, accompanied by a fivefold drop in erythrocyte-associated catalase activity. The Cape buffalo did not develop subsequent parasitemic waves. Clearance of parasitemia in similarly infected cattle was also associated with development of trypanosome clone-specific lytic activity, but not with the acquisition of H 2 O 2 -dependent trypanocidal activity in serum, and the cattle supported recurring parasitemia. The lack of trypanocidal activity in pre-and postinfection cattle sera was due to their low content of xanthine oxidase and sustained catalase activity. These data strongly suggest that an infection-induced serum oxidative response, the efficacy of which is amplified by a decline in blood catalase, contributes to suppression of recurring parasitemia in Cape buffalo.
Cape buffalo efficiently limit the magnitude and frequency of trypanosome parasitemic waves and develop few or no signs of disease following infection with Trypanosoma brucei, T. congolense, and T. vivax (7, 8, 24, 28) . Control of trypanosome parasitemia in Cape buffalo is dependent on an infection-induced mechanism that is implemented at the time of remission of the first parasitemic wave and results in the establishment of cryptic parasitemia (28) . The process leading to efficient restraint of parasitemia in Cape buffalo does not prevent trypanosome antigenic variation, nor does it involve antibodies that affect growth of the parasites upon transfer into mice or inclusion in axenic cultures (28) . Consequently, the control process may involve an infection-induced increase in antitrypanosome factors other than antibody in Cape buffalo blood.
Cape buffalo serum can kill all species of African trypanosomes in vitro (28) . Paradoxically, the trypanocidal activity becomes evident only as serum is diluted (28) . The trypanocidal serum component is xanthine oxidase (4, 21) (21) , and trypanocidal activity is due to H 2 O 2 generated by reduction of O 2 during oxidation of hypoxanthine and xanthine to uric acid (11, 21) . The infection-induced change in Cape buffalo blood that leads to efficient control of trypanosome parasitemia might therefore involve an increase in the amount of H 2 O 2 produced in blood, an increase in the life span of this oxygen radical, or both. Here we examine the impact of modifying the concentration of xanthine oxidase, purine substrate, and H 2 O 2 catabolic activity on expression of trypanocidal activity of high concentrations of serum from naive Cape buffalo in vitro, identify the condition that allows expression of the latent oxidative capacity of serum, and show that this condition is established in trypanosome-infected Cape buffalo coincident with control of the sole parasitemic wave.
MATERIALS AND METHODS

Trypanosomes.
T. brucei subsp. brucei stock 427 clone 1 (3), T. brucei subsp. brucei GUTat 3.1 (25) , T. brucei ILTtat 1.1 (hereafter referred to as A4) (18) , T. congolense IL 1180 (hereafter referred to as 1180) (22) , and T. congolense IL 300, IL 2642, and IL 3338 (hereafter referred to as 300, 2642, and 3338, respectively) (31) were grown in Baltz modified (1) minimal essential medium under axenic culture conditions as described previously (7, 12) , harvested during exponential growth by centrifugation at 1,000 ϫ g for 10 min, and washed three times with 137 mM NaCl in 20 mM phosphate-buffered saline (pH 7.2) containing 1% (by weight) glucose (PBS-G) before use.
Bovids and products. Cape buffalo were bred and raised in a tsetse-and trypanosome-free environment at the Wildlife Disease Section of the Kenyan Agricultural Research Institute, Nairobi, Kenya, and used when 5 years of age. N'dama and Boran calves were bred and raised at the International Livestock Research Institute (ILRI), Nairobi, Kenya, and used at 6 months of age. All animal handling was in crushes, animals were not tranquilized, and blood collections were from a jugular vein. Blood for plasma and erythrocyte (RBC) preparation was collected into heparin (final concentration of 10 U/ml) and centrifuged (1,000 ϫ g for 20 min at 4°C), after which plasma was used immediately or stored at Ϫ70°C. RBC were washed three times with PBS-G before use. Blood for serum preparation was collected into Vacutainers, clotted for 1 h at 21°C, and centrifuged as described above, and serum was processed in the same way as plasma. The hemoglobin contents of plasma and serum and homogenates of counted numbers of RBC were evaluated against a standard curve by using a Sigma hemoglobin kit. Serum samples from Hereford cattle were provided by Craig Beattie, USDA/ARS/Meat Animal Research Center, Clay Center, Neb.
Rabbit anticatalase Ig and immunoaffinity depletion of catalase. The 220-kDa fraction of bovine liver catalase (EC 1.11.1.6; H 2 O 2 ϩ H 2 O 2 ϭ O 2 ϩ 2H 2 O; Sigma catalog no. C9322; 3,200 U/mg of protein) was isolated by fast protein liquid chromatography on a Superose 12 size exclusion gel (Pharmacia), emulsified in Freund's complete adjuvant, and injected subcutaneously (100 g of protein/rabbit). Rabbits were given booster doses 4 weeks later with the same amount of antigen emulsified in Freund's incomplete adjuvant. Catalase-specific immunoglobulin (Ig) was isolated from immune serum by affinity chromatography on bovine liver catalase conjugated to cyanogen bromide-activated Sepharose 4B (5 mg of catalase/ml of gel; Pharmacia) as previously described (21); trace activity against xanthine oxidase was removed by affinity chromatography on xanthine oxidase that had been isolated from the aqueous phase of fresh cow milk by using a mouse monoclonal antibody as described previously (4) and immobilized on Sepharose 4B. Catalase-specific Ig was conjugated to cyanogen bromide-activated Sepharose 4b (3 mg of Ig/ml of gel), and catalase was removed from serum by immunoaffinity chromatography as previously described for xanthine oxidase (21) . Control samples of serum were processed through anti-Cape buffalo IgG bound to Sepharose 4B (28) to demonstrate that catalase does not nonspecifically bind to immobilized rabbit Ig. Bound material was eluted with 0.1 M triethylamine (pH 11.5), neutralized by addition of 1 M potassium phosphate buffer (pH 6.4), and analyzed by reducing sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) as previously described (21) .
Infection and parasitemia. A combination of 5 ϫ 10 4 T. brucei A4 and 5 ϫ 10 4
T. congolense 1180 was inoculated into a jugular vein. Blood was collected at 1-or 2-day intervals for 18 days and periodically thereafter. Parasitemia was evaluated by the dark ground buffy coat procedure (27) . Parasitological data and sera collected from cattle that had been infected with 5 ϫ 10 4 T. congolense 1180 parasites alone or by exposure to T. congolense 1180-infected tsetse flies were generously provided by V. Lutje and E. Authié (ILRI).
Assay of serum trypanocidal and trypanolytic activity. Trypanosomes (2 ϫ 10 4 ) were incubated for 1 or 2 h at 37°C in wells of a 96-well tissue culture plate (Costar) in 100 l of buffer composed of PBS-G supplemented with unprocessed or heat-inactivated (56°C, 30 min) Cape buffalo serum with or without 50 M xanthine and with or without the following inhibitors, alone or in combination: 0.5 mM allopurinol, which inhibits xanthine oxidase (17); 2 mg of size-fractionated bovine liver catalase (described above)/ml; 1.5 mM (final concentration) sodium azide (NaN 3 ) and 200 mM 3-amino-1,2,4-triazole (triazole), both of which inhibit of catalase (20); and 0.2 mM ␤-mercaptosuccinate, which inhibits glutathione peroxidase (23) . Triplicate cultures were done for each condition tested. Trypanosomes in culture wells were examined under phase-contrast illumination using an inverted tissue culture microscope, and all organisms in each well could be categorized as either intact and motile, intact and nonmotile, or lysed and fragmented, depending on the culture condition. The intact, nonmotile trypanosomes are unable to replicate at 37°C and are noninfective in mice (21) .
Catabolism of H 2 O 2 by serum and blood cells. (i) Serum.
Assays were carried out in triplicate for each sample, and results are the means of the values obtained. Aliquots (10 l) of diluted (25 to 0.785% [by volume]) serum (experimental group) or bovine liver catalase (0 to 4 U/ml, where 1 U of catalase converts 1 mol of H 2 O 2 to H 2 O/min at 25°C) (standard curve) were added to 10 l of 1.25 mM H 2 O 2 and incubated for 30 min at 25°C, after which the remaining H 2 O 2 was detected by a modification of a standard technique (16) . Briefly, 180 l of H 2 O 2 detection buffer (1 mM 2,4,6-tribromo-3-hydroxybenzoic acid, 0.1 mM 4-amino-antipyrine, 8 U of horseradish peroxidase/ml) was added, the mixture was incubated at 25°C for 5 min and chilled on ice to stop the reaction, and absorbance was read at 510 nm, which correlates directly with H 2 O 2 content. The data obtained with catalase were plotted as units of catalase versus log 10 optical density at 510 nm, which gave a straight line curve with y ϭ Ϫ0.5975x Ϫ 0.0033 and r 2 ϭ 0.9902. The range of serum dilutions tested ensured a condition in which some H 2 O 2 remained after the 30-min incubation; results were evaluated against the catalase standard curve and presented either as units of catalase activity per milliliter of serum or micromoles of H 2 O 2 catabolized per minute. A catalase standard curve was included for each assay to allow comparison of serum samples collected on different days.
(ii) Impact of inhibitors on serum catalase activity. The above assay was carried out with or without 1.25 mM NaN 3 , 0.25 mM ␤-mercaptosuccinate, or 0.125 M triazole, using intact serum or serum processed on anticatalase or anti-Cape buffalo Ig columns as described above.
(iii) Blood cells. Known concentrations of RBC (with associated leukocytes) in 100 l of PBS-G were added to 100-l aliquots of 5 mM H 2 O 2 in PBS-G with or without the inhibitors of catalase and glutathione peroxidase listed above, incubated for 30 min at 25°C, and centrifuged (5,000 ϫ g for 2 min in an Eppendorf Microfuge), and remaining H 2 O 2 was detected in 100 l of cell-free supernatant as described above. Results were evaluated against a standard curve established with commercial catalase and were recorded as units of catalase activity per erythrocyte in the preparation. All results were presented as population mean values Ϯ 1 standard deviation (SD), and groups were compared by the two-tailed paired t test.
Assay of H 2 O 2 accumulation in serum. Sera were supplemented with a saturating concentration of xanthine (400 M), incubated for 30 min at 37°C, and centrifuged through a 3-kDa-cutoff membrane (Centricon 3; Amicon Corp.) at 4°C, and the concentration of H 2 O 2 in the flowthrough fraction was determined as described above.
Xanthine oxidase activity. Xanthine catabolism to uric acid, with concomitant reduction of O 2 to H 2 O 2 , and O 2 Ϫ (11), was monitored by a coupled reaction with horseradish peroxidase as described elsewhere (21) and evaluated against a standard curve that was generated by using cow milk xanthine oxidase (Sigma) for which units of activity per milligram of protein was given; 1 U of xanthine oxidase converts 1 mol of xanthine to uric acid/min at 25°C.
RESULTS
Requirements for the generation of trypanocidal H 2 O 2 in serum. Cape buffalo sera kill all species of African trypanosomes in vitro (28) . Trypanocidal activity is due to the inhibition of trypanosome glycolysis by H 2 O 2 generated during the catabolism of hypoxanthine and xanthine by serum xanthine oxidase (21) . It is detected only when the Cape buffalo sera are diluted to 25% (by volume) or lower concentrations in reaction buffer (28) and supplemented with substrates for serum xanthine oxidase (21) . Three lines of evidence show that the failure of Cape buffalo serum to kill trypanosomes when used at high concentration was due to endogenous catalase activity. First, chromatography of Cape buffalo serum on an anticatalase immunoaffinity column under nonsaturating conditions removed 0.2% of serum protein, which resolved as putative catalase tetramer (240 kDa) and monomer (60 kDa) on reducing SDS-PAGE (data not shown), and abolished the capacity of serum to catabolize H 2 O 2 ( Fig. 1) . Serum catalase activity was not affected by chromatography on immobilized rabbit anti-Cape buffalo Ig (Fig. 1) . Second, removal of catalase revealed trypanocidal activity in high concentrations of serum containing xanthine (Table 1 ). This was inhibited by addition of commercial bovine catalase (Table 1) . Third, inhibition of serum catalase by addition of azide or triazole abolished its capacity to catabolize H 2 O 2 ( Fig. 1 ) and revealed trypanocidal activity in high concentrations of Cape buffalo serum containing xanthine (data for triazole only are shown in Table 1 ).
Trypanocidal activity is not detected in bovine serum irrespective of the dilution tested (28) . This lack of trypanocidal activity was not due solely to the presence of catalase in bovine serum because removal of catalase by immunoaffinity chromatography, or its inactivation by addition of azide (data not shown) or triazole, did not reveal trypanocidal activity in the presence of xanthine (Table 1) . Bovine serum contained 0.2 Ϯ 0.02 U of xanthine oxidase/liter (mean Ϯ 1 SD of a mixture of samples from Zebu, Boran, and Hereford cattle). Cape buffalo serum contained 5 Ϯ 0.2 U of xanthine oxidase/liter. Xanthinesupplemented bovine sera developed a trypanocidal concentration of H 2 O 2 only when depleted of catalase and additionally supplemented with xanthine oxidase to mimic the content of Cape buffalo serum. A representative result obtained with serum from a Holstein heifer is shown in Table 1 . These data show that the lack of expression of trypanocidal activity in bovine serum was due to its low concentration of xanthine oxidase in addition to endogenous catalase activity.
Catabolism of H 2 O 2 in serum under the condition studied was mediated solely by catalase, as shown by its complete inhibition in the presence of azide and triazole and efficient catabolism in the presence of ␤-mercaptosuccinate, which inhibits glutathione peroxidase (23) (data for Cape buffalo only are shown in Fig. 1 ). Azide also completely inhibited the catabolism of H 2 O 2 by Cape buffalo and bovine RBC, whereas addition of ␤-mercaptosuccinate to the incubation mixture had no effect (data not shown), indicating that under the assay conditions, catabolism of H 2 O 2 by RBC was also mediated by catalase. To determine whether catalase in serum arose as a result of leakage from Cape buffalo and bovine RBC during blood collection, the concentrations of catalase and hemoglobin in RBC and serum were determined. Sera prepared from blood of uninfected Cape buffalo and cattle contained 2.7 Ϯ 0.3 U of catalase/ml (mean Ϯ 1 SD), which was equivalent to the H 2 O 2 catabolic activity of 5 ϫ 10 6 Cape buffalo and bovine RBC. The homogenate from 10 7 Cape buffalo and bovine RBC contained 77 Ϯ 6 g of hemoglobin (mean Ϯ 1 SD), but hemoglobin was not detected in Cape buffalo or bovine plasma and serum samples. The ratio of hemoglobin to catalase was therefore much higher in RBC than in serum or plasma. Thus, although catalase is a constituent of the cell cytosol and peroxisome (6, 19) and not a secretory protein, its presence in serum did not result solely from leakage from blood cells that lysed during or after blood collection.
Infection-induced expression of serum trypanolytic and trypanocidal activities. Cape buffalo and cattle that were infected with T. brucei A4 and T. congolense 1180 became parasitemic and subsequently cleared the parasites from their blood ( Table 2 ). The Cape buffalo developed only a single wave of parasitemia, whereas the infected cattle developed more than one wave of parasitemia, consistent with results of previous studies (28) . Clearance of trypanosomes from the blood of infected Cape buffalo and cattle was associated with the development of serum trypanolytic activity. Sera collected from the infected animals on the day of trypanosome clearance and thereafter caused lysis and fragmentation of trypanosomes during 1 h of incubation at 37°C. The trypanolytic activity was specific for the infecting organisms and was abrogated by heating the sera to 56°C for 30 min (Table 2 , footnote b), consistent with the involvement of variable surface coat-specific antibodies and complement.
Heat inactivation of immune Cape buffalo sera abrogated trypanolytic activity and revealed low-titered, trypanocidal activity that killed trypanosomes of different clones and species ( Table 3 ). Trypanosomes that were incubated for 2 h at 37°C in the heat-inactivated immune Cape buffalo serum completely and irreversibly lost motility but remained intact. Neither heatinactivated immune cattle sera nor preinfection Cape buffalo sera had trypanocidal activity. The trypanocidal activity of heat-inactivated immune Cape buffalo sera was expressed without addition of purine, was not detected in preinfection sera in the absence of xanthine, was detected at both 96 and 48% (by volume) in day 11 postinfection sera, but was detected at only 96% (by volume) in day 14 postinfection sera and not at all in day 18 postinfection sera (Table 3) unless additional xanthine was supplied (data not shown). The trypanocidal activity of heat-inactivated immune Cape buffalo sera was inhibited by inclusion of allopurinol or catalase in the incubation mixture (Table 4 ) and was therefore due to H 2 O 2 that was generated during catabolism of endogenous serum purine by xanthine oxidase. The H 2 O 2 -dependent trypanocidal activity of day 11 Cape buffalo sera was not affected by dialysis of the sera for 8 h at 4°C against a 1,000-fold excess volume of PBS-G, and hence the endogenous purine required for expression of xanthine oxidase-dependent trypanocidal activity was associated with macromolecules in the sera.
Infection-associated decline in Cape buffalo blood catalase activity. The acquisition of allopurinol-and catalase-sensitive trypanocidal activity in day 11 and day 14 heat-inactivated in the Ͻ3-kDa fraction during purine catabolism (Fig. 2) . H 2 O 2 did not accumulate in the Ͻ3-kDa fraction of xanthinesupplemented Cape buffalo sera collected before trypanosomes were cleared from the bloodstream or in bovine sera collected at any time after infection. The decline in the capacity of the immune Cape buffalo sera to catabolize H 2 O 2 resulted from a decline in catalase activity. Indeed, both serum and RBC-associated H 2 O 2 catabolic activities diminished significantly in the trypanosome-infected Cape buffalo ( Fig. 3A  and B) . In contrast, neither serum nor RBC-associated catalase activities declined in the trypanosome-infected cattle ( Fig.  3A and B) or in groups of N'dama and Boran cattle that were infected by needle or tsetse challenge with T. congolense 1180 alone and in which infection was allowed to progress through several waves of parasitemia (sera provided by V. Lutje and E. Authié, ILRI [data not shown]). Serum xanthine oxidase activity did not change in the infected Cape buffalo or cattle (Fig.  3C) . Intact, antibody-coated, and lysed trypanosomes do not inactivate Cape buffalo serum catalase. The decline in Cape buffalo serum catalase levels that occurred after infection with trypanosomes was not due solely, if at all, to a direct interaction of catalase with trypanosomes or their products. Addition of up to 10 7 T. brucei A4 or T. congolense 1180 parasites per ml of preinfection Cape buffalo serum did not affect catalase activity during 1 to 24 h of incubation at 37°C. Similarly, T. brucei A4 or T. congolense 1180 that had been coated with specific Cape buffalo antibody by incubation with day 14 postinfection serum at 4°C did not affect catalase activity of preinfection Cape buffalo serum during 1 to 24 h of incubation at 37°C, even though the trypanosomes lysed during the first hour of incubation.
DISCUSSION
Control of parasitemia in trypanosome-infected Cape buffalo was associated with the development of both clone-specific trypanolytic activity and unrestricted trypanocidal activity in serum. These activities were distinguished one from another by sensitivity to inhibitors and their effects on trypanosome morphology. The trypanolytic activity required serum components that were sensitive to heating at 56°C for 30 min and was most likely due to trypanosome variable surface coat-specific antibody and complement factors. The trypanocidal activity was insensitive to heating at 56°C for 30 min but was inhibited by allopurinol and catalase, implicating involvement of xanthine oxidase and H 2 O 2 . Trypanolytic serum components caused fragmentation of the parasites during 1 h of incubation at 37°C, consistent with complement-mediated lysis of the organisms, whereas trypanocidal components caused progressive loss of (27) . b Buffalo and bovine sera were diluted in PBS-G-10% dialyzed fetal bovine serum; 2 ϫ 10 4 trypanosomes were added per 100 l of diluted serum and incubated for 2 h at 37°C, and lysed trypanosomes were evaluated. Results are recorded as the lowest percentage of serum that lysed all trypanosomes in the well. Heating of sera at 56°C for 30 min destroyed the trypanolytic activity. Ϫ, no trypanolytic activity observed; ND, not done.
c T. brucei GUTat 3, T. congolense 300, T. congolense 2642, and T. congolense 3338. 
a Data for cattle are omitted because no trypanocidal activity was detected. b Assays were set up as described for Table 2 except that test sera had been heated at 56°C for 30 min. Trypanosomes were examined after a 2-h incubation. Results are presented as the last serum dilution in which all trypanosomes were intact but nonmotile. Ϫ, no trypanocidal activity observed.
trypanosome motility leading to their complete immobility without fragmentation during 2 h of incubation at 37°C, consistent with H 2 O 2 -induced decline in trypanosome glycolysis and ATP content (21) .
A decline in blood (serum and RBC-associated) catalase activity was a key feature in expression of xanthine oxidasedependent trypanocidal activity in trypanosome-infected Cape buffalo. In vitro analyses showed that the infection-associated decline in catalase activity did not result solely from an interaction of catalase with intact or lysed trypanosomes or their metabolic products and consequently must have been due to another parameter of infection. RBC-associated catalase is present predominantly in the cytosol. Therefore, the infectionassociated inhibitor is likely to be of low molecular weight and to either diffuse or be transported into the cells. Catabolism of H 2 O 2 and O 2 Ϫ by catalase has been shown to lead to the accumulation of inactive catalase compounds II and III (2, 10, 15) , raising the possibility that the decline in blood catalase in the infected Cape buffalo may have resulted from xanthine oxidase and substrate interactions and other oxidative responses that yield H 2 O 2 and O 2 Ϫ . Several studies indicate that RBC-associated catalase is protected from oxidant-mediated inactivation by associated NADPH (2, 10, 14) but is inactivated during catabolism of H 2 O 2 when NADPH is insufficient to sustain function, e.g., in glucose-6-phosphate dehydrogenase-deficient erythrocytes (30) . It is therefore possible that the decline in blood catalase in trypanosome-infected Cape buffalo results from a combination of infection-induced oxidative responses and a constitutive, or infection-induced, inability to generate sufficient NADPH to sustain catalase activity in RBC. There is precedence for an association between defective antioxidant defenses and disease resistance. Deficiency in glucose-6-phosphate dehydrogenase confers resistance to Plasmodium falciparum malaria in people; the protective mechanism most likely involves impaired antioxidant defenses in infected RBC, leading to their surface modification and early phagocytosis (5, 29) . There is also precedence for defective antioxidant defenses in sub-Saharan ungulates. It has been argued that ATP deficiency in RBC of African black rhinoceroses (and their defective glycolytic pathway and hexose monophosphate shunt) decreases the efficacy of antioxidant defenses and may be an evolutionary adaptation that confers selective advantage against common hemic parasites (26).
RBC-associated and serum catalase levels declined to their lowest levels around 14 days after infection of Cape buffalo and remained depressed until at least 30 days after infection. In contrast, the concentration of xanthine oxidase in serum was not affected by the infection. Trypanocidal activity in the absence of added xanthine was restricted to Cape buffalo sera that were collected on days 11 and 14 after infection. Taken together, these data suggest that a short-lived elevation in serum purine content arose around day 11 after infection, i.e., coincident with clearance of trypanosomes from the blood, and declined after 14 days of infection. The serum purine that supported xanthine oxidase-mediated trypanocidal activity in postinfection Cape buffalo serum was not removed by dialysis (25-kDa cutoff) and hence was associated with serum macromolecules. Mining of this sequestered resource by trypanosomes and accompanying exposure to serum xanthine oxidase may have resulted in the generation of reactive oxygen intermediates in the vicinity of trypanosomes rather than a generalized oxidative response in blood.
Infected Cape buffalo do not completely eliminate trypanosomes upon remission of the first parasitemic wave. Rather, parasitemia is maintained at 1 to 10 trypanosomes/ml of blood (28) . Although H 2 O 2 that is generated during substrate catabolism by xanthine oxidase and by other host oxidative responses can kill trypanosomes (21) , it can also have more subtle effects, including prolongation of the time that trypanosomes spend in G 1 of their cell cycle and an increase in the time taken to clear variable surface glycoprotein-specific antibody from their surface (2a) . Prolongation of the life span of H 2 O 2 in plasma due to decreased blood catalase may allow expression of these more subtle antitrypanosome effects of H 2 O 2 , at times when the serum purine content is inadequate to support the generation of a trypanocidal concentration of H 2 O 2 , and in this way enhance the capacity of infected Cape buffalo to control trypanosomes by acquired immune responses.
Infected cattle developed heat-sensitive trypanosome clonespecific trypanolytic activity but not catalase-sensitive trypanocidal activity in serum. Their inability to mount this latter response was due to a combination of low serum xanthine oxidase activity and sustained blood catalase activity throughout infection. The absence of catalase-sensitive trypanocidal activity in bovine serum correlated with, and may contribute to, recurring parasitemia. If so, elucidation of the mechanisms that regulate serum xanthine oxidase concentration and blood catalase activity in Cape buffalo may suggest strategies to develop trypanosomiasis-resistant cattle.
